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(57) Abstract 



An electrophoresis apparatus, holds a cartridge configured to be removably mounted in the apparatus. A separation membrane is 
located in the cartridge. The separation membrane has a first side along which a first flow path defined in a first. grid element is provided 
and a second side along which a second flow path defined in a second grid element is provided. Restriction membranes separate external 
buffer flow from the first flow path and the second flow path. The apparatus includes connection blocks which house electrodes and inlets 
and outlets for buffer flow and sample flows. The cartridge is removable from the connection blocks for replacement with another Cartridge. 
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CASSETTE FOR MACROMOLECULE PURIFICATION 



Field of the Invention 

This invention relates to an apparatus for purification of 
5 macromolecules in solution and in particular to a cartridge or cassette for use 
in a macro molecular purification apparatus. 

Background of the Invention 

European patent No 352286 relates to improvements in the separation 

10 of macromolecular solutes by a process blown as electrophoretic separation, 
in particular fixed boundary electrophoretic separation. In fixed boundary 
electrophoresis, as is explained in more detail below in the description 
following the Brief Description of the Drawings, a semi-permeable membrane 
(hereinafter referred to as a separation membrane) acts to separate two 

15 streams of liquid carrying macromolecular solutes such as proteins, referred 
to as the upstream and the downstream. The streams pass between charged 
electrodes and at least one macromolecular solute migrates across the 
membrane from one stream to the other under the influence of the electric 
field. The apparatus also includes flow paths for buffer solution and further 

20 semi-permeable membranes, hereinafter referred to as restriction membranes, 
disposed between the electrodes and the separation membrane. The 
restriction membranes allow the passage of ions but not macromolecules. 

The present invention relates to developments and improvements over 
the ideas and principals disclosed in EP 352286 and in particular to 

25 refinements and improvements to the apparatus to make the technology 
easier to use and operate. 

In particular, it is desired to provide an apparatus which is easier to 
fill, empty, clean and reassemble in contrast to existing apparatus which 
tends to be formed substantially integrally with storage tanks, pumps, cooling 

30 apparatus and similar features making the apparatus expensive and difficult 
to handle and clean. 
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Summary of the Invention 

In a first broad aspect., the present invention provides an apparatus for 
free flow electrophoresis in which a separation membrane, a first flow path 
along one side of the separation membrane, and a second flow path along an 
5 opposite side of the separation membrane and restriction membranes for 
separating buffer flow from the flow paths, are housed in a cartridge which 
can be removed from the apparatus for replacement with another cartridge, 
after use. 

In one particular preferred embodiment, the apparatus includes an 
10 upper and a lower connection block which defines inlet and outlet means for 
feeding liquid into the first flow path (the downstream) and into the second 
flow path (the upstream), in the cartridge. 

The upper and lower connection blocks may house electrodes and 
connection means for connecting the electrodes to a power source. 
15 In one particularly preferred embodiment, the electrodes are made of 

titanium mesh coated with platinum. 

The upper and lower connection blocks may be made of any suitable 
material for example a plastics material The blocks may be transparent or 
opaque. 

20 The upper and lower electrodes may be housed in recesses or channels 

defined in the upper and lower connection blocks, respectively. Those 
channels may define part of the boundaries of the buffer flow path for the 
apparatus. The other boundary for the buffer flow path is defined by the 
restriction membranes housed in the cartridge which form the upper and 

25 lower faces of the cartridge. The upper and lower connection blocks may 
define inlets and outlets for buffer flow. 

In a related aspect the invention also encompasses a cartridge for use 
in the apparatus of the present invention, the cartridge including a housing 
and containing a separation membrane, a first flow path defined along one 

30 side of the separation membrane, and a second flow path defined along an 
opposite side of the separation membrane and restriction membranes for 
isolating buffer flow from the first and second flow paths. 
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The cartridge may further include gaskets positioned either side of the 
restriction membranes for sealing the components between the upper and 
lower connection blocks. The first and second flow paths may be defined by 
first and second grid elements. Each grid element may be generally planar 
5 The grid element and restriction membranes may include a through hole 
located near each end of the element/membrane for the passage of upstream 
and downstream liquid therethrough to the grid element. The grid element 
may include a central elongate at least part cut out portion which in the 
assembled cartridge in conjunction with the two adjacent membranes, 

10 defines a flow path or channel from the hole one end of the grid element to 
the hole at the other end. The flow path may include a lattice for supporting 
the separation membrane and for mixing the flow. 

All the elements of the cartridge apart form the cartridge housing or 
casing are generally planar and are assembled together in a sandwich type 

15 construction. 

Brief Description of the Drawings 

The invention will now be described, by way of example only, and 
with reference to the accompanying drawings in which:- 
20 Figure 1 schematically illustrates charge based separation; 

Figure 2 schematically illustrates size based separation; 
Figure 3 illustrates concentration; 
Figure 4 illustrates dialysis; 

Figure 5 is a schematic diagram of a separation unit embodying the 
25 present invention; 

Figure 6 is a schematic diagram of apparatus including the separation 
unit of Figure 5; 

Figure 7 is a section through a clamp means which forms part of the 
apparatus of the present invention; 
30 Figure 8 is a exploded view of a cartridge for use with the present 

invention; 

Figure 9A is a plan view of a grid element for which is a component of 
the cartridge of Figure 8; 

Figure 9B is a reverse plan view of the grid element of Figure 9A 



Figure 10 is a cross-section on lines X-X of Figure 9A; 
Figure 11 is a cross-section on lines XI-XI of Figure 9A 
Figure 12 is a cross-section on lines XII-XII of Figure 9A; and 
Figure 13 is a plan view of a grid element for a second embodiment of 
5 the present invention. 

Detailed Description of the Preferred Embodiment 

Before describing the preferred embodiment in detail, the principal of 
operation of the apparatus will first be described. 
10 An electric field applied to macromolecules, such as proteins, in 

solution, will cause the proteins to move to the electrodes. If the protein has 
a positive charge, it will move to the negative electrode (cathode). 
Conversely, a negatively charged protein will move to the positive electrode 
(anode). 

15 In the apparatus of the present invention, a separation membrane is 

placed in the electric field and molecules are selectively transported between 
two circulating streams called the upstream and the downstream. The 
particular separation membrane used will vary for different applications and 
generally has a large, but well defined, pore size. The upstream and 

20 downstream are isolated from the electrodes by buffer streams and by two 
restriction membranes. The restriction membranes allow the movement of 
small molecules and ions up to a molecular weight of about 3,000 daltons. 

There are four modes of operating the apparatus of the present 
invention. These are set out below and are illustrated in Figures 1 to 4, 

25 respectively. 

1. Charge based separation 

In principal, any two molecules with different pis can be separated by 
carrying the separation out at a pH between the two pis. The pi is the pH of 
30 a solution in which the molecule has neutral charge, thus by changing the pH 
of the solution in which a molecule is present, the effective charge of that 
molecule can be changed. 
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Thus in a solution with a pH between the two pis, one molecule will 
have a positive charge, and will move towards the cathode and be contained 
in the upstream. The other molecule will have a negative charge and will be 
contained in the downstream as it moves towards the anode. Figure 1 
5 illustrates charge based separation. 

2. Sized Based Separation 

Components with different molecular weights can be separated on the 
basis of pore size. Figure 2 shows an example of separation based on size. 
10 Two proteins which are both negatively charged, are separated because the 
larger molecules are unable to migrate through the smaller pores of the 
separation membrane. Careful combination of pore size and pH can often 
allow the isolation of a single component from a complex mixture in one run. 
(Examples are Mab from ascitic fluid and ovalbumin, lysozyme, or 
15 avidin from egg white, and fibrinogen from plasma). 

3. Concentration 

Figure 3 illustrates concentration, which utilises the largest pore size 
separation membrane (1,000 kDa). The large pore sizes enable the rapid 

20 transportation of proteins across the separation membrane from a large 

volume upstream solution to a small volume downstream solution. In this 
process a pH is selected in which all of the desired proteins will have the 
same charge. Typically, pH 8.3 is selected since most proteins will have a 
negative charge at this pH. In many applications, purification can be 

25 achieved at the same time as concentration. 

4. Dialysis 

Figure 4 illustrates dialysis. The apparatus of the present invention 
can operate for desalting. The separation membrane is not necessary for 

30 dialysis, which can be performed with or without this membrane. The ions 
are removed from the sample by passing through the restriction membranes 
and then are washed away by the outer buffer streams. This process also 
occurs during standard fractionation or concentration, but in these cases the 
ions are recirculated. When being used for extensive dialysis, the outer 

35 buffer, where the ions collect, should be exchanged for fresh buffer solution 
at regular intervals. 
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Having outlined the principals of operation of the present invention,' 
we now turn to a description of the apparatus itself with reference to Figure 5 
which is a schematic cross-section of a separation unit embodying the 
present invention. 

5 The separation unit comprises an electrolytical cell consisting of four 

chambers. The two outer chambers 12 and 14 house the electrodes and a 
flow of buffer passes through these chambers. The inner chambers are the 
upstream and downstream channels which are separated from the outer 
buffer chambers by restriction membranes 20a, 20b. A separation membrane 

10 22 separates the upstream and downstream chambers. The upper electrode 
24 is the cathode and the lower electrode 26 is the anode. 

A schematic diagram of the entire apparatus is shown in Figure 6. As 
can be seen, the four chambers 12 to 18 are connected to three flow circuits. 
Each flow circuit consists of a reservoir and a circulating pump. Thus the 

15 upstream reservoir comprises upstream reservoir 30 and pump 32 and 

associated tubing, the downstream circuit comprises downstream reservoir 
34, pump 36 and associated tubing and the buffer circuits share a single 
buffer reservoir 38 and a single buffer pump 40 and the circuit divides into 
two paths prior to passing through the two buffer chambers 12 and 14 and 

20 after passing through the chambers, the two paths rejoin. 

The separation unit may be cooled by various means such as ice bricks 
or cooling coils (external apparatus) placed in the buffer reservoir to control 
its temperature. The upstream and downstream reservoir flow paths pass 
through the buffer reservoir and heat exchange between the upstream and 

25 the buffer reservoir, and the downstream and the buffer reservoir, maintains 
a low temperature, which is important for protein separation. 

In the embodiment described, the buffer pump 40 is incorporated into 
the apparatus whereas the pumps 32 and 36 for the upstream and 
downstream may be external or internal. 

30 The electrodes are connected to an external power supply 50 via 

electrical connecting leads. The power supply should ideally have a variable 
voltage up to 200 V and be capable of delivering up to one amp. Higher 
voltages, up to 500 V can be used provided that the total power (voltage x 
current) is maintained at less than 200W. 
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The buffer solution provides the ions which provide the current flow 
in the electrolytic cell. The buffer also stabilises the pH during separation 
and acts as the cooling medium. The buffer flow also helps prevent build up 
of gases at the electrodes generated by electrolysis. 
5 Figure 7 shows the separation unit housing a cartridge (or cassette) and 

Figure 8 shows an exploded view of the cartridge. The separation unit 
includes an upper connection block 102 and a lower connection block 104 
between which, in use, the cartridge is clamped. 

The cartridge comprises a cartridge housing 202 which holds the 

10 components of the cartridge. The cartridge is generally elongate and 
includes two parallel elongate side walls 203 which extend along the 
longitudinal axis A-A of the cartridge. Each end of the cartridge includes 
three end walls so that the cartridge is generally octagonal in plan view. A 
small flange 206 extends around the base of the walls 203, 204. The flange 

15 projects inwards towards the centre of the cartridge. On the right hand side 
of the cartridge, as oriented in Figure 8 there is a flap 208 which acts as a 
handle for holding or manipulating the cartridge. A planar silicon rubber 
gasket 210 whose exterior is generally octagonal is configured to fit inside the 
walls on the cartridge resting on the flange 206. The centre of the gasket 

20 defines an elongate cut out portion 212. Adjacent either end of the seal there 
is small cylindrical hole 214, 216. 

Above the gasket 210 is located the first restriction membrane 20b 
whose external shape is generally the same as that of the interior of the 
cartridge so that it too fits inside the cartridge. The membrane has two holes 

25 218, 220 adjacent either end of the membrane and positioned so that when 
the cartridge is assembled, those holes align with the holes 214, 216 of the 
gasket 210. The restriction membrane is typically formed from a thin 
substrate and coated with compounds to give a small pore size such as 
polyacrylamide gel so that only very small particles such as ions may pass 

30 through the gel. The pores are too small to allow the passage of 
macromolecules such as proteins. 

Above the restriction membrane there is a first grid element 230. 
Above that grid element 230 is the separation membrane 22. The pore size of 
the separation membrane used depends on the size of the particular 

35 molecules being separated and the actual separation process being used. The 
grid element is shown in more detail in Figures 9 and 10. 
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One function of the grid element is to keep membranes 20a and 22 
apart. The grid element also has to provide a flow path for the upstream (or 
the downstream, since the grid elements for both are identical). The grid 
element is generally planar and the exterior of the grid element is shaped to 

5 fit inside the walls of the cartridge housing. The grid element is shown in 
more detail in Figures 9 through 12. An elongate rectangular cut-out portion 
231 which incorporates lattice work is defined in the centre of the grid 
element.. At each end of the grid, there is a through hole 232, which in the 
assembled cartridge is aligned with holes 214 and 218 of the gasket and 

10 restriction membrane, respectively. A triangular channel area 234 having 
sides and a base, extends and diverges from the hole to the cut out portion 
231. Upstanding ribs 236, 238, 240, best seen in Figures 11 and 12, are 
defined in the channel area 234. Liquid flowing up through the hole 232 
thus can pass along the triangular channel area 234 between the ribs and into 

15 the lattice. The ribs have two functions. First they direct the flow from the 
hole 232 and ensure that the liquid is evenly distributed along the cross- 
section of the lattice and secondly they provide support to the separation 
membrane 22 disposed above the grid element. The narrow channels defined 
by the ribs also increase the downstream's liquid velocity and pressure. 

20 The lattice comprises a first array of spaced parallel members 241 

extending at 45° to the longitudinal axis of the grid disposed above and 
integrally formed with a second lower set of spaced parallel members 242 
extending at 90° to the first set of members. As illustrated in Figure 10, the 
upper and lower surfaces of the members are rounded. The absence of any 

25 sharp edges helps prevent damage to the separation membrane 22. Further, 
any increased pressure on the separation membrane 22 will increase the area 
of contact between the curved lattice members and the separation membrane 
providing extra support to the separation membrane. The lattice evenly 
• distributes the flow of liquid over the separation membrane surface. The use 

30 of a first set of members disposed above a second set of members ensures 

that the liquid in the downstream is forced to move up and down and change 
direction frequently and this ensures mixing of the liquid and prevents static 
flow zones. 
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The reverse side of the grid element as illustrated in figure 9B is 
smooth and flat aside from the cut-out 231 and the holes 232, which ensures 
sealing between the buffer stream and the downstream. 

The thickness of the grid element is minimised. With reference to 
5 Figure 10, the exterior areas of the element are 0.8mm thick. A sealing rib or 
ridge 252 extends around the periphery of the grid to improve sealing. The 
ridge is 1.2mm thick measured from one side of the grid element to the other. 
The distance between opposite peaks of the lattice elements 241, 242 
measured from one side of the grid to the other is 1mm. The thinness of the 

10 grid has several advantages. First, a thin grid element increases the liquid 
velocity and pressure and thus results in a more even distribution of liquid 
over the separation membrane 22. The resultant higher liquid velocity can 
also assist in preventing fouling of the separation membrane 22. Fouling 
occurs when macromolecules block the pores of the separation membrane or 

15 stick to the separation membrane. 

Also, the volume of liquid required is decreased which enables smaller 
sample volumes to be used for laboratory separations and this is significant 
where the samples are expensive. 

Finally, the use of a thinner grid element enables less electrical power 

20 to be deposited into the liquid since power supplied to the liquid across the 
grid region, depends on the thickness of the grid. Thus, smaller power 
supply units can be used, and this makes the process more economical. If 
less heat is transferred into the liquid the temperature of the liquid remains 
lower. This is advantageous since high temperatures can destroy the sample 

25 and product. . 

The separation membrane 22 is selected depending on the application 
as discussed earlier in the description in relation to Figures 1 to 4. Following 
the separation membrane there is a mirror image of elements 210, 220: there 
is a further grid element 230, a restriction membrane 20a, and a further 

30 gasket 210 symmetrically arranged about the separation membrane 22. 

Those three components form the upstream and a part of the boundary of the 
buffer stream. The components are held in the cartridge 200 by means of a 
clip 260 which can be snap fitted or glued around the top of the walls 204 of 
the cartridge. 
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The main function of the cartridge is to hold the components together 
for insertion into the separation unit. The actual cartridge walls have no 
effect on the sealing of the system. If the system is correctly sealed, no liquid 
should contact the walls of the cartridge in use. 
5 Figure 7 illustrates the cartridge located in the clamping unit between 

connecting blocks or jaws 102 and 104. The jaws house the inlets and outlets 
for feeding the buffer flows, the downstream and the upstream into the 
cartridge. The jaws include inlets 304 and 306 which respectively allow the 
upstream and downstream flows into the grid via the holes 214, 216, 230. 

10 Outlets 308 and 310 are similarly provided. Inlets 312 and 314 and outlets 
316 and 318 are provided for feeding buffer past the restriction membranes 
20a, 20b along the flow path defined between a recess or channel 320 in the 
lower jaw 104 in which the anode is located, and the gasket 210 and the 
restriction membrane 20b. A similar arrangement is provided in the upper 

15 jaw which houses the cathode. The jaws are mounted between a simple 
screw clamp unit so that a simple screw operated knob can be used to open 
and close the jaws for changing the membrane cartridge. 

The electrodes 26, 24 are formed from platinum coated titanium 
expanded mesh, in contrast with the standard electrodes usually used for 

20 electrolytic cells which comprise platinum wire. The platinum coated 

titanium expanded mesh used in the apparatus of the present invention has 
several advantages over platinum wire in particular the ridged structure is 
self supporting and less expensive than platinum wire. The mesh also 
provides a greater surface area and allows higher currents to pass through the 

25 separation unit with less electrical power losses of the electrode. The 
electrodes have a longer useful life. 

Finally, the larger surface area distributed over the buffer channel 
provides a more even electrical field for the separation process. 

The electrodes are also located close to the restriction membranes. 

30 This enables' less electrical power to be used and deposited into the buffer 
liquid and less heating of the buffer liquid occurs. Connectors 300 and 302 
from the electrodes pass to sockets for connection of electrical power to the 
electrodes. The electrodes are shrouded to prevent accidental contact with 
an operators fingers or the like. 

35 In use, the cartridge is loaded into the apparatus, the jaws are closed to 

seal the components in place., the buffer solution and upstream and 
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downstream are fed through the connection blocks and thence through the 
cartridge and the apparatus is connected to a power supply. The electrical 
power is set to the desired value and separation carried out using one of the 
processes described earlier with reference to figures 1 to 4. After the 
5 separation has been carried out, the used cartridge may simply be removed 
and replaced with another cartridge ready for re-use. After the separation has 
been carried out, the cartridge may be removed and replaced with a fresh 
cartridge. The upstream and downstream sample circuits may be cleaned 
and the buffer replaced if necessary. Following that the apparatus is ready to 
10 carry out a further separation. 

Figure 13 illustrates a grid element 270 for a second embodiment of the 
present invention which utilises a separation membrane having a much 
larger surface area than that of grid element 230. The principal of operation 
of this grid element is the same as that of the smaller grid element 230 
15 although the holes 272 through which the downstream or upstream is fed are 
located in the corners of the grid element and there are more channels 273 
feeding the streams from the hole to the central portion 274 of the grid. The 
cartridge, casing and other components of the cartridge are also increased in 
area so that they have approximately the same area as the grid. 
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Claims 

1. An apparatus for free flow electrophoresis including a removable 
cartridge, the cartridge housing a separation membrane, a first flow path 
disposed along one side of the separation membrane, and a second flow path 

5 disposed along an opposite side of the separation membrane and restriction 
membranes for separating buffer flow from the flow paths, wherein the 
cartridge may be removed from the apparatus for replacement with another 
cartridge. 

2. An apparatus as claimed in claim 1 wherein the apparatus includes an 
10 upper and a lower connection block which defines inlet and outlet means for 

feeding liquid into the first flow path (the downstream) and into the second 
flow path (the upstream), in the cartridge, respectively. 

3. An apparatus as claimed in claim 2 wherein the upper and lower 
connection blocks house electrodes and connection means for connecting the 

15 electrodes to a power source. 

4. An apparatus as claimed in claim 3 wherein the electrodes comprise 
titanium mesh coated with platinum, 

5. An apparatus as claimed in any one of claims 2 to 4 wherein the upper 
and lower connection blocks are made from a plastics material. 

20 6. An apparatus as claimed in any one of claims 2 to 5 wherein the upper 
and lower connection blocks define inlets and outlets for buffer flow paths. 

7. An apparatus as claimed in claim 6 wherein the upper and lower 
electrodes are housed in channels defined in the upper and lower connection 
blocks, respectively, said channels defining a part of the boundaries of the 

25 buffer flow paths of the apparatus and wherein an other part of the boundary 
for the buffer flow paths is defined by the restriction membranes housed in 
the cartridge forming the upper and lower faces of the cartridge. 

8. A cartridge for use in an apparatus as claimed in any preceding claim, 
the cartridge including a housing and containing a separation membrane, a 

30 first flow path defined along one side of the separation membrane, and a 

second flow path defined along an opposite side of the separation membrane 
and restriction membranes for isolating buffer flow from the first and second 
flow paths. 

9. A cartridge as claimed in claim 8 further including gaskets positioned 
35 either side of the restriction membranes for sealing the contents of the 

housing between the upper and lower connection blocks. 
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10. A cartridge as claimed in claim 8 or claim 9 wherein the first and 
second flow paths are defined by first and second grid elements. 

11. A cartridge as claimed in any one of claims 8 to 10 wherein each grid 
element is generally planar. 

5 12. A cartridge as claimed in any one of claims 8 to 11 wherein the grid 
element and restriction membranes include a through hole located near each 
end of the element/membrane for the passage of upstream and downstream 
liquid therethrough. 

13. A cartridge as claimed in claim 12 wherein the grid element defines a 
10 central generally elongate portion which in the assembled cartridge in 

conjunction with two adjacent membranes, defines a flow path or channel 
from the hole at one end of the grid element to the hole at the other end. 

14. A cartridge as claimed in claim 13 wherein the flow path includes a 
lattice means for supporting the separation membrane and for mixing the 

15 flow. 

15. A cartridge as claimed in any one of claims 8 to 14 wherein the 
elements of the cartridge apart form the cartridge housing or casing are 
generally planar and are assembled together in a sandwich type construction. 

16. An electrophoresis apparatus, comprising: 

20 a cartridge configured to be removably mounted in the apparatus, at 

least one separation membrane positioned in the cartridge, the at least one 
separation membrane having a first side along which a first flow path is 
provided and a second side along which a second flow path is provided, and 
a plurality of restriction membranes for separating buffer flow from the first 

25 flow path and the second flow path, whereby the cartridge is removable from 
the apparatus for replacement with another cartridge. 
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